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Session N - C  
?ne Continuation i r o m  Ket r  to  Yar F i e l a  a t  Low Frequencies- 
%.E. K i e i m a n  
Laboratory of‘ Zlectromagnetic Theory * 
Technical  Universi ty  of  Denmark 
An e x p l i c i t  f o r m u l a  is  der ived  express ing  the  low frequency 
e x p a n s i o n  o f  t h e  f a r  f i e l d  c o e f f i c i e n t  f o r  a n y  r e d i a t i n g  or s c a t -  
t e r ed  e l ec t roma? ;ne t i c  f i e ld  in  t e rms  o f  t he  low frequency expansion 
o f  t h e  n e a r  f i e l d .  I t  i s  shown t h a t  a knouledge of a given number 
o f  n e z r  f i e l d  t e r m s  s u f f i c e s  t o  d e t e r m i n e  t h e  same  number of f a r  
f i e l d  t e r n s ,  t h u s  d i s p r o v i n g  t h e  p r e v i o u s l y  h e l d  c o n t e n t i o n  t h a t  
p + 1 near  f ie ld  te rms  were  needed  to  de te rmine  p f a r  f i e l d  t e r m s .  
Lord Rayleigh provided a means f o r  c o n t i n u i n g  t h e  f i r s t  term 
i n  t h e  low frequency expansion o f  t h e  n e a r  f i e l d  i n t o  t h e  f a r  f i e l d  
(Phi1os.Xa.g.. XLIV,  28 - 52, 1897) and A.F. S tevenson  genera l ized  
Bayle igh’s  cont inua t ion  procedure  to  inc lude  h igher  order  te rms  
(J.Appl.Phys., 3, 1134 - 1142, 1953). This  method involves  ex- 
pand ing  the  nea r  f i e ld  terms in  spherical  harmonics  and matching 
t h e  c o e f f i c i e n t s  w i t h  n e a r  f i e l d  r e p r e s e n t a t i o n s  o f  spherical  Hankel  
f u n c t i o n s .  S i n c e  t h i s  is  n o t  n e c e s s e r i l y . ? t r i v i a l  c a l c u l a t i o n ,  u n l e s s  
t h e  n e a r  f i e l d  t e r m s  are a l r e a d y  i n  t h i s  f o r m ,  t h i s  p r o c e d u r e  is  
no t  comple t e ly  sa t i s fy ing .  
The most na tura l  approach  to  the  cont inua t ion  problem makes 
use of  the vector  analogue of  the Helmholtz  integral  representa-  
t i o n  of  a f i e l d  i n  t e r m s  o f  i t s  values  on a surface,  where the sur- 
f a c e  f i e l d  i s  expressed es a low frequency expansion. However, as 
observed by Stevenson,  ” the disedvantage of t h i s  procedure is t h a t  
i t  is t h e n  f o u n d  t h a t  t o  o b t a i n  e v e n  t h e  f i r s t  t e r m  i n  t h e  s e r i e s  
i n  t h e  wave z e n e  ( f a r  f i e l d )  it i s  necessa ry  to  know two terms i n  
t h e  s e r i e s  f o r  t h e  s u r f a c e  f i e l d  a n d  g e n e r a l l y  t o  o b t a i n  p t e r n s  i n  
t h e  wave zone  ue  must know p + 1 t e r m s  i n  t h e  s u r f a c e  f i e l d .  We thus  
l o se  accu racy  in  ca r ry ing  th rough  t h i s  urocedure”.  
The present  work shows how t h i s  c r i t i c i s m  may be  removed  and 
t h a t  i t  is poss ib le  to  accompl ish  the  cont inua t ion  of  t h e  n e a r  f i e l d  
i n t o  t h e  f a r  f i e l d  u s i n g  t h e  n a t u r a l  a p g r o a c h  b a s e d  o n  t h e  v e c t o r  
analogue o f  Helmhol tz ‘  theoren  wi thout  requi r ing  expans ions  in  spher -  
i c a l  harmonics and without l o s s  of accuracy. The method descr ibed  
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EM Scattering 
he re  owes i t s  s u c c e s s  t o  ap. a p p a r e n t l y  l i t t l e  known v e c t o r  i d e n t i t y  
and a pa r t i cu l s r  cho ice  o f  t he  fo rm o f  the  vec to r  He lmho l t z  i n t eg ra l  
r ep resen ta ion .  Though i t  m u s t  b e  p o s s i b l e  t o  e s t a b l i s h  t h i s  r e s u l t  
u s ing  any  equ iva len t  fo rm o f  th i s  r ep resen ta t ion ,  an  un fo r tuna te  
choice can make the  r equ i r ed  ana lys i s  p roh ib i t i ve ly  obscure ,  wh ich  
appa ren t ly  was the  case  in  p rev ious  a t t empt s .  
Also inc luded  i s  a d i scuss ion  of t h e  f i r s t  o r  Rayleigh term 
i n M a r  f i e l d  s c a t t e r e d  by a pe r fec t  conduc to r  i l l umina ted  by a 
p lane  wave. Us ing  the  representa t ion  descr ibed  above ,  i t  i s  shovn 
t h a t  t h i s  t e r m  may be  decomposed i n t o  two pa r t s ,  one  p ropor t iona l  
t o  t h e  volume  of t h e  s c a t t e r e r  a n d  o n e ,  i n  a sense ,  p ropor t iona l  
t o  t h e  e l o n g a t i o n  o f  t h e  s c a t t e r e r ,  i . e . t h e  d i f f e r e n c e  b e t w e e n  t h e  
volume of  the  sca t te re r  and  the  volume of  the  smal les t  sphere .  en-  
c l o s i n g  it. 
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